Abstract-This paper is focusing IT-supported real-time formative feedback in a classroom context. The development of a Student and Teacher Response System (STRS) is described.
INTRODUCTION
This paper is focusing on IT -supported feedback in a classroom context. Feedback in learning is defmed as" the transmission of evaluative or corrective information about an action, event, or process to the original or controlling source". [11] Feedback is "specifically intended to provide feedback on perfonnance to improve and accelerate learning." (Sadler, 1989:77) In pedagogical research there is overwhelming evidence that feedback is important for learning e.g. [2] and [15] .
In a classroom, feedback can occur when students ask the teacher about things they don't understand or want to have clarified. Teacher can also ask students questions of control reasons. Did the students understand the lecture? In that situation there are some circumstances that could turn to be obstacles for communication between teachers and students. For example there could be physical distance, seating arrangements, impersonal atmosphere and a large number of students in a classroom constraining student involvement. [6] Lectures also tend to be teacher centric which could result in passive students, which is considered to have a negative effect on the learning process. [4] Another relevant aspect regarding feedback is that the knowledge retention rate of lecturing is relatively low to other more active learning approaches. Students' concentration might vary substantially during a lecture. [8] Cole and Kosc [3] describe how they were frustrated by student's Internet surfmg during lectures and how they co m succeeded to turn students' attention to the lecture by using SRS with clickers. To summarize, there are a number of built-in obstacles for communication between teachers and students that make it harder for teachers to know to what degree the students have understood the content of the lecture.
• Students might hesitate to speak out in class The aim off this paper is to describe the development of a Student Response System featuring formative feedback as a) teacher-centered question-answer-feedback as well as b) student-centered question-feedback. The objective of the system is twofold; a) to give students fonnative feedback in their learning process; and b) to give teachers input for lecture adaption and design in order to improve learning and performance.
II.

FORMATIVE FEEDBACK
Feedback in a learning context can be carr ied out as a formative or summative assessment. Formative assessment is defined as " ... as infonnation communicated to the learner that is intended to modify his or her thinking or behavior for the purpose of improving learning". [18: 154] Fonnative feedback moves the feedback process away from being an 'after the assessment event' transmission of infonnation from teacher to student and towards an ongoing dialogue to help build students' knowledge, skills, confidence and perception about themselves as learners. [5] The main goal of formative feedback is " ... to enhance learning, performance, or both, engendering the formation of accurate, targeted conceptualizations and skills." [18: 175] . A literature study of the field by Shute [18] concludes that feedback generally improves learning, even though there are gaps in research regarding the role of interaction between task characteristics, instructional contexts, and students' characteristics.
Formative assessment can take many forms. According to Shute [18] categories of the formative feedback are: no feedback, verification, correct response, try again, error flagging, and elaborated feedback.
Elaborated feedback implies provision of an explanation why an answer was correct or not. In the case of the STRS the following feedback subtypes are relevant. a) Attribute isolation "presents information addressing central attributes of the target concept or skill being studied". b) Topic contingent is "providing the learner with information relating to the target topic currently being studied". c) Bugs/misconceptions is "provides information about the learner's specific errors or misconceptions (e.g. what is wrong and why)". [18:160] There are a number of formative feedback models focusing different aspects. Adjustments are made to relevant knowledge, self efficiacy, interests, and goals as a result of the response evaluation. In the case of the STRS it is not just the learner that is focused but also the teacher. The system is expected to give the teacher input for adjusting lectures to become more effective regarding the students' learning process. To this end we are using the model of Narc iss & Ruth [12] since it is also focusing the instructional factor. The Narciss & Ruth model depicts the following three factors [12] ; [18] As for the STRS, the learner is of course representing the main focus, since he/she is supposed to improve his/her learning process via the STRS. Still the system is meant to assist the teacher in didactical decisions regarding selection and presentation of the course material. Therefore, the instruction and feedback factors are together with their components of specific interest when developing and evaluating the STRS.
III. STUDENT RESPONSE SYSTEM (SRS)
A Student Response System is a learning technology for use mostly in classrooms. This technology is designed to provide interactive student-teacher communications systems. Various names are used such as Student, Personal or Group Response Systems (SRS, PRS, and GRS), Classroom Communication Systems or "Clicker" Systems. The basic technology has a potential as an additional pedagogical tool for classrooms.
Briefly, an SRS is a technology that enables the teacher to ask questions to the students, often in the form of multiple choice quiz, and the students respond with a small handheld device, often referred to as "clickers". Responses can be given anonymously, reducing the border for student participation in the classroom. [7] The main objective of a Student Response System (SRS) is to improve feedback in classroom lecture. A Student Response System (SRS) is a system that allows the teacher to pose questions during an educational session, for example a lecture. Students are expected to give answers via some device and the teacher receives information on how students have understood a certain concept, construct or situation. [5] Factors that contribute to students' positive attitude to SRS are "a desire to be engaged, a view that traditional lecture styles are not the best, valuing of feedback, class standing, previous experience with lecture courses, anticipated course performance, and amount of clicker use in the classroom." [20] Perceived benefits for classroom environment are increased attendance, attention levels, participation and engagement. [21] Learning benefits are: improved interaction, discussion, quality of learning, and learning performance. [21] Naturally there are challenges too. Kay & LaSage mention that students must adjust to new methods of learning and that some students feel monitored. [21] Challenges for teachers are lack of training, time, incentives, and sometimes conflicts with professional identity, when pedagogy seems to be more important than research. [22] Some teachers also consider the sudden demand to answer to students instantaneous feedback to be a challenge. [21] There are a number of existing SRSs that demonstrate the features mentioned above. Various techniques are applied. Some use clickers, other are web based. There are pros and cons to all techniques. The clicker technique includes certain equipment in the classroom, which might imply some planning and room allocation. On the other hand it does not cost the student anything. Web based systems are possible to use anywhere, where it is possible to access the Internet.
Even if existing systems can improve the quality of communication it is still teacher centric. Students answer questions formulated by the teacher. None of these systems provides the option of allowing the students to initiate anonymous interaction based on their understanding and their point of view. To our knowledge there is a gap with regards to an interactive SRS where both students and teachers can initiate interaction in real-time. We call such a system a student and teacher response system, a STRS.
The STRS described here can be found at http://t.studentresponse.se (teachers view) and http://studentresponse.se (students view).
IV. METHODOLOGY
The overall strategy has been a design and creation approach [14] and the chosen method is the agile method Scrum [17] . The reason for choosing Scrum is the inherent potential to adapt to changes and to produce testable modules. From the very beginning the aim was to be open to input from teachers, students and other stakeholders. The outspoken nature of agile methods is therefore appropriate for the aim of the project.
As quality assurance model we used the Quality framework of Zeist & Hendriks [19] to organize and complement aspects initiated and not initiated by the product owner. The characteristics of the framework are: functionality, reliability, efficiency, usability, maintainability, and portability.
Scrum roles used during the project were Product owner, Scrum team and Scrum master. Product owner was a teacher with special interest in IT-support for pedagogical feedback. The Scrum team was rather small, just three persons. One of the team members was appointed Scrum master, responsible for meetings, contact with stakeholders and administration in general.
First we carried out a feasibility study. The initiator and product owner was interviewed in order to collect requirements and make first version of the product backlog. During the project there were daily Scrum meetings as much as was possible. The work was organized in sprints of approximately one month length. The product owner participated in sprint meetings where the product backlog was updated.
Regarding the design of the system we applied a three layer architecture for the sake of flexibility and we used .net as software environment. The database was normalized for maintenance flexibility.
When the system was testable we tested it in a lecture with 48 students. The teacher had prepared questions to the students, which they answered via the STRS. The students could also send questions to the teacher during the lecture.
The students were asked to answer questions via questionnaires before and after the lecture. Before the lecture we asked about their attitude toward asking and answering questions during lectures. After the lecture we asked the students about V.
RESULT
A. The development of the system
The feasibility study revealed a number of requirements from the stakeholders. Important stakeholders were students, teachers, department manager, and quality manager. All of them were interviewed in order to complete the product backlog. The product backlog finally contained 41 requirements, which took more than 600 hours to implement. The two most time consuming requirements were 140 hours for "The WCF-service must be secured", and 80 hours for "Allowing the teacher to see students' questions". The WCF requirement was planned to take 40 hours to complete and was obviously the most problematic requirement to implement since it took 100 hours more. The most crucial requirements were for teachers to be able to pose questions before during and after lectures. Another one was to be able to see the responses without the students seeing them and thereby being guided by other students' answers. Another equally crucial requirement was for students to be able to pose questions anonymously during lectures.
With reference to the Quality framework of Zeist & Hendriks [19] we took a number of measures to improve system quality, see table 1. Regular contact with the product owner to capture requirements. All requirements were documented in the FunctionaProduct Backlog. Some examples: Anonymity, students lity must fell safe to put "dumb" questions. Low cost, students must be able to afford using the system. Usable, the system be must be enough easy to use so that the teachers feel it is worthwhile. Reliability
The main priority is to minimize the number of potential errors. The code has been validated over and over. All input is validated. A static class logging all errors has been implemented. Efficiency This is mostly about code efficiency, which has been improved through tests and validation. Usability This is both about design and layout. As for design, especially the teacher interface has to be enough easy to Charaeteri Measures sties use so that the teachers perceive it as worthwhile to use the STRS. As for layout, standard layout guidelines have been applied. [13) ] The STRS is tested in a class with 48 students. We distributed questionnaires to students before and after the lecture. The teacher was interviewed afterwards. A user manual is available. Maintaina-A three layer architecture is applied and documented to bility make maintenance easier, see Figure I . The programming code is XML-commented. Names and classes are named in a logical and descriptive way. The database is normalized into nine tables. There are two interfaces, one for teachers and one for students. Standard modules were used as much as possible. Portability
The STRS is tested in several web browsers and platforms. Responsive design has been used. No installation is necessary.
The system is developed with two interfaces and two domains, for teachers and for students. Teachers can use their interface to enter questions and alternative answers, see Figure 2 . It is also used to receive answers to the questions and also questions from students. Students' interface is used for students to answer questions and to pose own questions to the teacher, se Fi ure 3.
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Create lecture and questions Figure 4 The teacher enters a question and available alternatives.
The interaction can be designed in various ways. The teacher can ask a question and give a number of alternative answers. The teacher can also provide questions/statements that are answered using the Likert scale e.g. Strongly agree, Agree, Neutral, Disagree, Strongly disagree.
During the lecture the teacher will provide a code, generated by the STRS. The teacher can activate the questions when he/she likes before, during or after the lecture. The questions can be activated one-by-one or all at the same time.
The students can log in to the course using the given code and answer questions when the teacher activates them, see Figure 5 .
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Svnt"x Figure 5 The student answers a question.
By clicking the course button, the teacher can see the distribution of answers, see Fi ure 6. A special button is available for students who want to alert the teacher to use a microphone. Students can also use the student-centric module 2 to ask specific questions online to the teacher, see Figure 7 . The teacher can choose to answer during the lecture or after, via the learning platfonn. 00 you have any questions? Ask them below.
I
h"; ' .ct"""y� d". b,,", FIgure 7 Students askmg the teacher a question.
C. Test of system
The test was carried out in a class of 48 undergraduate infonnation systems students. The teacher was asked to prepare questions to be delivered during the lecture. Before the lecture the students filled in a questionnaire with questions about their attitude to ask and answer questions during lectures. 20% agreed that it was not easy to pose questions to the teacher during lectures. 20% agreed that it was not easy to answer questions in class. 16% had never dared to pose a question during lecture and 10% had never dared to answer a question during lecture. 20% claimed it was tough to talk in front of class.
The after class questionnaire gave the following result:
• 100% thought the system was easy to understand
• 90% thought that their understanding of the teacher's answers was improved
• 85% thought that the feedback questions affected their interest positively
• 95% claimed they wanted to use such a system on regular basis 19 students provided free text answers. Ten students were all positive. Other comments : "Not always easy to understand the questions". "I want to see the %-distribution". "Adapt better to smartphones". "Scrolling was not smooth". The lecture lost some flow". "Better with an app. Web is old fashioned" .
Even though the development and testing was overall successful and much appreciated both by students and teachers, some problems were identified. The most significant problem was security. It was very time consuming to configure the web service to be secure. Coverage was another problem. Wireless coverage was not that excellent in all classrooms. There were no examples of abusive anonymous messages during the tests, but the question of possible misuse was raised by the interviewed teachers.
D. Theoretical Analysis
The models presented in section II Formative feedback are all general models not taking computer support into consideration. In this section we are relating these general models to the STRS in order to elaborate how the system supports formative feedback.
The feedback type of the STRS is not fixed. It is up to the teacher to decide how to answer the students. He/she can choose any feedback type. But as the system is aimed at improving effectiveness of lectures, we can categorize potential feedback type as elaborated verification (Shute, 2008) regarding the teacher-centric aspect (module 1). The elaboration consists of attribute isolation, topic contingent, and bugs/misconceptions. The feedback is immediate, since the students know that the teacher have access to the their answers immediately. The student-centric feedback (module 2) is classified as an elaborated-topic contingent type of feedback, which means that the feedback is dependent on what type of question the student is posing. The feedback of the student-centric module can be immediate or delayed.
According to the leamer-centered five-stage model of Bangert-Drowns et al [1] we can see the STRS as a trigger of the search and retrieval activity for all students in a class. The STRS would affect all students in their learning process by activating cognitive mechanisms. The nature of the STRS makes all students present in the class aware of the teacher's question and the distribution of the answers. All students will be able to take part of the teacher's response and they will be able to pose questions about the response orally or by using the student-centric module. Further on the teacher will receive input for (re )designing his/her lecture regarding content and/or design until next time he/she is lecturing on the same topic. Next time the course runs and the same question is posed, there will be an opportunity to compare the students' answers.
As we apply the Narciss & Huth [12] model, we can structure the contributions of the STRS further.
Instruction: Objectives and tasks are the basis for lecturing, answers and feedback.
Learner: From the teachers' point of view, the students' responses can give information about the students' prior knowledge, skills and abilities, which would be useful for designing lectures. In Infonnation systems the component of pre-knowledge could vary substantially between students. Some students have been working professionally in the ICT sector before they start studying and are therefore skilled in certain subdomains, while other students are beginners to the information systems field.
Feedback: This factor relates to how the teacher chooses to answer the students. Considering the objectives, tasks and errors (instruction) and students' pre-knowledge, and estimated motivation (learner) the teacher will have basis for designing an answer addressing the students on an appropriate level.
The major achievement with using the STRS is that the teacher will via module 1 get a real-time overview of how the students perceive the content of lecture and can thereby immediately or with a delay reconsider how to address the students. Via module 2 he/she will provide an opportunity for students to elaborate their questions in order to understand and to make the teacher even more aware of what is not effectively communicated in the lecture.
VI. DISCUSSION
From theory and from our inquiries, we can say that anonymity is important to a number of students. If no channels to interact anonymously are present, these students might not be able to understand the subject in question as much as they would if they had a chance to alert the teacher that they don't understand certain aspects of a lecture.
One reason for students to refrain from interacting during lectures is insecurity and a fear to appear as ignorant or even dumb. We believe that using the STRS would make it easier to share the responsibility of poor understanding between students and teachers. The fact that a certain aspect was poorly understood could just as well be caused by the teacher's way of lecturing as the students' ability to understand.
Notable is that the system can be used to give the teacher feedback before, during and after a lecture. The teacher can initially check the knowledge level of e.g. some central concepts. The teacher can also see, during the lecture, whether the students have understood specific aspects. After the lecture the teacher can pose some follow-up questions to see how the lecture was understood by the students. The feedback is this way mainly fonnative, which makes it possible for the teacher to adjust his/her teaching according to the knowledge level of the students. In informatics the knowledge level varies a lot between students. The STRS gives the teacher more specific knowledge about what is known and what is not known, and how the knowledge is distributed in the class.
In the literature studied for this paper, focus is normally on the students learning process directly. In our case we focus also on the learning of the learner as a result of the content and design of lectures. If the students have misunderstood a certain part of a lecture, there are reasons to believe that the lecture could be more effectively organized, regarding content and/or design. Our objective is not just to give learners feedback in their learning process but also to give teacher feedback in their lecture design.
There are two major contributions from this project. One is the double directed nature of the STRS. Students can initiate interaction, not just the teacher. The second contribution is the description of the development process of the system. Existing SRS:s have not provided that earlier.
The STRS is being implemented on regular basis at the department of Informatics at O rebro University as from fall 2013. One lesson learned from the test of the system is that teacher might have to adapt their lecture planning to integrate the functions of the STRS in a more structured way. This will be the next project of the STRS research, to align the use of the STRS with lecturing in informatics. As for the system itself, we will continue to refine security and implement encryption in the entire system.
